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Abstract

The electrostatic analyzer, nrevicusly used
to determine the photo-thresholds of deuterium and
beryllium, has been used to measure the energy of the
K-conversion electrons from cs1¥7, A value of
625.2 2+ 0.9 Kev was obtalned, in good agrecuent with

thn measurenents of others,
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I INTRODUCTION

In an sccompanying reportl, a determination of the photodisinte-
cration thresholds of deuterium and beryllium is described, These
thresholds are obtuined by neasuring the energy of the electrons pro=
dneing the brensstrohlung with a cylindrical electrostatic anslyzer,
As a check on the energy scale of the unalyzer, we decided to measure
the: enerpy of a well known electron line Crom 0157,

A 2,52 n 83157 isomer results from ths beta decay of 08137(3?y).
Phls isomer decays to the ground state by emission of a gamaa ray of
651 Kev and internally converted electrons of 624 Kev. Langer and
mefatz measured the energy of the K internal conversion electrons by

comparison vith the K internal conversicn elsctrons from Au198

using
a 180° double-focussing magnetic spectrometer, They uscd the value cof
£311.2 Kev for the Aul98 cartia ray as determined by Duliond, Lind and

Watson®

with & curved crystal spectrometer. Their result is 623.9
0.7 Kov for the K electrons and 661.4 # 0.7 Kev for the gamma ray after
adding the K electron binding energy4o

Muller, Hoyt, Kleln and Duond® measured the garna ray energy of
+he 03137 directly with a curved crystal spectroneter. Their result
13 661.50 » 0,14 Xev.

Linaztron, sSlepbahn and ﬂapstras using a double focussing magnetic
3pectrometer, measured this pamms ray by comparison with K photo-lines
from a uranium converter produced by a) anninilation radiation, and
bj the 510.85 Kev gaivia ray of ThC"., ith the same instruuent the
enerpy oi the cs13? X conversion electrons was detormined Ly comparison

with the converslion clectrons cf the previously mentioned ThC" 1line,

The =sapie authors measured the energy ¢f the X conversion clectrons of

-
3
e




o i sttt

et o e st A e i b

m—.-ov-.—-_———-—-_

the 08157 in & small 180° mapnetic spectrcgraph, calibrating the
magnetic ficld with the proton resonance absorption., Their finel
result 1s 661.65 » 0.15 Kev for the garma ray and €24,.21 » 0,15 Kov
for the K-electrons,

From these determinations one sees that the encrgy of the 08167
K conversion electron is knovm to within 1 part in 4000. This is an
excellent electron line to check our electrostatic analyzer which has

an inherent accuracy of about 1 part in 1000.

IT EXPERIMENTAL

The cylindrical electrostatlic aneljyzer used in this experiment

has been described in detail by lloyes, Van Homissen, I1iller and Waldman

It is an absclute device having an accuracy of 0,197, Honnold aqd
Miller7* have developed the theory of this snalyzer giving special
attention to the eCfeqt of the snell residual mapnetic fleld,

Since this analyzer was uscd originally to analyze the electron
beari of our electrostatic generator the following additional measure~
ments and modifications had to be made for use as a specetrometer:

A the final detection slit had to bc located accurately,
B the magnetic fileld in the entire region betweon source and
detector had to be mapped,

Cc a suitable electron detection device had to be incorporated.

A Location of detectlion slit,

Fig. 1 is a plan of the analyzer. There are four psirs of beam

and ficld defining slit systems. The object slit Sy is in the object

3+Cfs Accouipanying Technical Report.,
2
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planc 30" from the entrance end ol trnie analrzeirr, Slits 32 and Sa,
located at the entrance and exit ends of the analyzer, serve to 1limlt
the extent of the electric fleld. Hcrzog8 has shown that for the gap
width of 0,304", the fringe field at the ends of the analyzer can be
considered zero if So and Sz have total widths of 0,150" and are
spaced 0.060" from the plates P and P,. S1it S4 18 in the image
plane located 11.,3" from the exlit end of the analyzer.

Since we plun to use this gnalyzer for further beta ray spectro=-
metry, (necessitating frequent rclocatlon of Sy 7) it was decided to
scribe on the supporting surface plate lines tangent to the trajectory
at So and Sz. The arm Indicated in I"ig. 2 was attached to the preci-
sion bearing at the center of curvature O, The angle OCK was adjusted
until the key K mated with the gap between plates P1 and P,. Thue an
index rod through the center of the bearing C 1s on the tangent to the
trajectory. By a systeu cf fine plumb bobs and telescopc this 1line
was extended to the vicinlty of Il and a fine line was scribed on the
surfgce plate., In like fashion, the other tangent line was located
near Il and the intersection of these lines locates the point ! corion
to both tangents. ./ ostimatec the accuracy of the location uf M to be
2 0.01".

The locatlion of the sllts 5y and S4 was accomplished by a tele-
scope and plumb bobs erected at Il and at elther S2 or SS' It is of
interest to note that this location of S; was identical (within the
accuracy of our observation) with the original location dotoriained by
triangulationI, aring the course of the experimcnt, slit 84 was
moved transverse to the trajectory in order to study the intensity

distribution in the image plane. It was found that the maxirmm height
3
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OK = 24.002"
KC = 12.000"

oc = Ju2.000f + (24002)°

FIG. 2 SLIT CENTERING
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o’ the K pealx occured when 5S4 was located on the previously determined

tangent line.

B Magnetic I'icld llapping.

Hoyes et al1 1easured tho narneti: field in th: electrostatic
analyzer using a f11p coll and ballistiz galvanometar, Due to the
limitation of the size of the flip co’.l the deflectidns were only a
few millineters., Consequently, the more scnsitive pealking strip?
method was used In this experinent,

L strip (1/16" x 3/8" x ,005") o} Delta-max was inierted into
the conter §f a 1000 turn coil of {40 copnper wire wound »n a Lucite
spool (0,40" x 0.15"). This prob: was small enourh to :lcar the
plates of the analyzer and was mcunted on the amn pivoted ¢t 0 for
the menning between O' and O,

The probe, Fip. 3A, was used as onc of the arms of tr.: axwell
bridpe (Fig. 3B). The oscillato:r was a Hewlltt ,rackard 200«C anu *hg
detector was s Hewlltt Packsrd Z00-A ‘esve Analyzer. Tt can be shown
that any cven order harmionic penerated in such a probe is »nractically
a linear function of the extornal magnetic ficld., Consequently, the
csclllator was set at 5XC and the analyzer at 10%C, The bridrec serves
two purposes: 1) by first balancing the bridre with the probe in zero
field and with the oscillstor at 10KC, the second ha:wiwonic content of
the oscillator (.hen set at SXC) is neglircible at the detector termi-
nals; 2) bLcececause the liaxwell bridpge 1s frequency independent (lor
linear oloucnts) the bridge is nearly balanced at &7, and nhus does
not saturate the dotector,

Tnis devicu was callbrated in the “.cld of a stenda «d solenold
for an nscillator voltage of 1U volts at OKC, The calibruatlon curve,

4
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FIG. 38 BRIDGE CIRCUIT FOR MAGNETIC PROBE

0SC.= HEWLETT-PAGKARD OSCILLATOR 200-C
DET.= HEWLETT-PACKARD WAVE ANALYZER 3CO-A
T = UTC TYPE O-l LINE TO GRID
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Fige. 4, 1s lincar up to 1.5 gauss (the largest ficld used) and has a

slope of 5.6 millirsauss/millivolt.

The direction of the nagnetic ficld was determined by super-

posing a smell field of knovn dilrection on the probe. An increzse

in output voltage indicates »narallel flelds, a decrease Indicates

antiparallol fieclds. This small rield was obtained by a NC current

(from a high inpedance source to maintain bridge balance) throuch the
coil of the probe.

The calibration was checkod frequently by measuring the earth's

nagnetic field in a standard posi’ ion ncar the analyzer. This fiecld

was measured with a Sensitive Resezrch Fluxneter and large f1lip coll,

The distribution of the magnetic field in the recglons between 59 and

Sp, between Sp and Sy (0° to 90°), and betwoen Sz and S, is shown in

Fig. 5. These neasurements agreec with the nreliminary neasurennnts

riade by Noycs et al using tho small £1ip coil and bellistic

calvanometer.,

Honnold and liiller have used these resnlts in their analysis of

the effecct of this small residual magnetic field on the ecnergy deter-

minations made with this elcctrostatic analyzer.

Por *“hc case of the
03157

conversion elcctrons (ca 624 ltev) the cnergy cutemilned by the

celecectric field aione rust be decreased by 2.9 Kovs

C wnlectron letectlon,

Tue to the high source strength;, a directional detcctor nust be

used to reduce the backiround. rrelimlinary experinents with two

Geiper counters in coincidence nroved sutisfactory. A ual Geiprer

counter was nacianed i'row a brass block, details oi which are shown

be )
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in Fig. 6. Thc gas filling was the conventlonal argon-othyl alcohol

nixture., Both halves of thc counter had the same characteristics

and were operated at 1150 volts.

The coincidence background counting rate was 100 per 10 minute

intervel and remnained constant throughout all the oxveriments.

D Source Preparation,

The electrostatic analyzor subtends a very small solid angle and

consequently necessitutes a strong source. The 03137 that was nro=-

cured froa the Osk lidge National laboratory was in the chloride form

in an HC1 solution. The CsClp was ecvaporated to dryness undor a heat

lanip, thon dissolved in distillcd water and rc-evaporated to dryness,

This process was repeated several times and resulted in the removal

of the HCl. A few drops of the CsCly in a distilled water solution

were then pemltted to evaporate on a 1 mil alumimim foll, first

treating the foll with insulin to promote even spreadingloo The

source was 0,04" x 0.5" in size to correspond to slit Sq and of

approximately 2 to 3 millicuries strength. The source, on its alumil-

num foll backing, was mounted directly behind slit Sq and prounded
electrically to avoild chargling effects.

IIT RUSYLTS AND DISCUSSION

Fig. 7 is a plot of the net coincideuce rate versus potentioueter

reading of voltapge across the electrostatic analyzer plates. Slits

S, and Sz, which act as guard slits at the entrance and oxit of the
analyzer, were set at 0,15", a value which made the frin;e ficld zero.
In ordsr to obtain greater intensity silts 5o and Sz were

widened to 0.20", Pig., 8 is n plot of the data. The increased

6
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width of' Sg and &z resulted in an increascd analyzer sngle but this
correction 1s too amall to bLe considered. It also reduced the reso-
lution of the analyzer which is evident from the curves,

Since the sources were reolatively thick, the nigh energy edges
of tho lines were extrapolated to the abscissae. The potentiometer
readings measure the voltage across the analyzer plates and can be
convorted into the energy of the electrons by eq. (2b) of lonnold
and lliller. Table 1 gives the resulis of the K and I, 1line energles
as deternined above.

The energy resolution of the analyzer for the slit widths used
can be calculated from eq. (31) of Honnold and lMiller. or the X linc
of CslaV i1t is 0.2 Kev. This means the energy svread adiitted by the
last slit (S4) 1s * 0.9 Kev and is the limiting factor in determing
the accuracy o this experiment.

The L lines were not resolved from the I lincs in either experl-
ment 1 or 1II, co that the energy determinatlons were rniade by extra-
polating the high energy edgs of the L peaks at their half-widths.

As stated earlier, the sllit-width of So and Sz In experiment II had
an effect of iIncreasing the fringe field and hence of effectively
increasing the analyzer angle. This ariounts to a correction of less
than a tenth of & kilovolt. Therefore, arithmetic means were taken
for thc K-electron and L-electron energies corresponding to these two
experinents, The differcence between Ex and Eyp is 31,10 Kev and is to
be coupared to tho binding onergy difforence between the X and L
shells of Bal37, rom the data of Hill, Church % Mihelich? this is

3l.44 Kev. Tgble 2 1lists the results of thils iInvestigation along with -

those of other workers,

.. o s s v g e e s
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TARLE 2

Reference

K~Conversion electron energy
(Kev)

Gannia ray energy
(Kev)

Langer % lorfet(®)

623.9 & 0.7

661.4 + 0,7

Eﬁller, ﬁoyt, {leln
% Dullond

661.60 + 0,14

Lindstrom, Slegbahn
% Viapsatra

024,21 » 0,2

661,65 ¢ 0,15

?regent Investigation

| -

625.2 » 0.9

(662,6 « 0,9)(P)

(a) should be adjustecd for more recent Au

198 value,

(624,.8 and 662.2 Kev)

(b) calculated with Bal37 K binaing energy of 37.43 Kevé,

V CONCLUSION

The agreement between the results of the present Investigation

and those of other investigetors is satisfactory,

electrostatic analyzer,

One may now have

increased conridonce in the absolute ecnergy detemiinations of our

1t nust he emphasized that the nreesonce of

small residual magnetic fields anywherc in the path of the electrons

nmast be measured and corrected for sccording to the method discussed

by Honnold and lliller,

We are plaming two further checls of the analyzer. One with

the AulgB 412 Kev line and thc other with the ThC" 2.61 lMev line.

The latter should be quite significant in that it would coniplcte the

bracket of the beryllium and deuterium photo thresholds.
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